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Abstract
Objectives: To assess wood dust exposures and determinants in joineries and furniture manufacturing 
and to evaluate the efficacy of specific interventions on dust emissions under laboratory conditions. 
Also, in a subsequent follow-up study in a small sample of joinery workshops, we aimed to develop, 
implement, and evaluate a cost-effective and practicable intervention to reduce dust exposures.
Methods: Personal inhalable dust (n = 201) was measured in 99 workers from 10 joineries and 3 fur-
niture-making factories. To assess exposure determinants, full-shift video exposure monitoring (VEM) 
was conducted in 19 workers and task-based VEM in 32 workers (in 7 joineries and 3 furniture facto-
ries). We assessed the efficacy of vacuum extraction on hand tools and the use of vacuum cleaners 
instead of sweeping and dry wiping under laboratory conditions. These measures were subsequently 
implemented in three joinery workshops with ‘high’ (>4 mg m−3) and one with ‘low’ (<2 mg m−3) 
baseline exposures. We also included two control workshops (one ‘low’ and one ‘high’ exposure 
workshop) in which no interventions were implemented. Exposures were measured 4 months prior 
and 4 months following the intervention.
Results: Average (geometric means) exposures in joinery and furniture making were 2.5 mg m−3 
[geometric standard deviations (GSD) 2.5] and 0.6 mg m−3 (GSD 2.3), respectively. In joinery work-
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ers cleaning was associated with a 3.0-fold higher (P < 0.001) dust concentration compared to low 
exposure tasks (e.g. gluing), while the use of hand tools showed 3.0- to 11.0-fold higher (P < 0.001) 
exposures. In furniture makers, we found a 5.4-fold higher exposure (P < 0.001) with using a table/
circular saw. Laboratory efficiency experiments showed a 10-fold decrease in exposure (P < 0.001) 
when using a vacuum cleaner. Vacuum extraction on hand tools combined with a downdraft table 
reduced exposures by 42.5% for routing (P < 0.1) and 85.5% for orbital sanding (P < 0.001). Following 
intervention measures in joineries, a borderline statistically significant (P < 0.10) reduction in expo-
sure of 30% was found in workshops with ‘high’ baseline exposures, but no reduction was shown in 
the workshop with ‘low’ baseline exposures.
Conclusions: Wood dust exposure is high in joinery workers and (to a lesser extent) furniture makers 
with frequent use of hand tools and cleaning being key drivers of exposure. Vacuum extraction on 
hand tools and alternative cleaning methods reduced workplace exposures substantially, but may be 
insufficient to achieve compliance with current occupational exposure limits.
Keywords:  exposure; intervention; joinery workers; video exposure monitoring; wood dust
Introduction
Exposure to wood dust is associated with an increased 
risk of nasal and sino-nasal cancers (IARC, 1995), and 
highly exposed workers may also have an increased 
risk of lung cancer (Barcenas et al., 2005; Jayaprakash 
et al., 2008). Non-malignant respiratory effects also 
occur, generally at levels well below those considered 
to increase the risk of malignant effects (Demers et al., 
1995), including upper and lower respiratory tract 
symptoms and inflammation, impaired lung function, 
increased bronchial responsiveness, and occupational 
asthma (Bohadana et al., 2000; Douwes et al., 2001; 
Borm et al., 2002; Douwes et al., 2006). These effects 
have been demonstrated in a wide range of wood pro-
cessing industries including joinery and furniture work-
ers (Shamssain, 1992; Talini et al., 1998; Schlunssen 
et al., 2002, 2004; Jacobsen et al., 2008).
A study including exposure data from 25 European 
Union member states estimated that 3.6 million workers, 
or 2.0% of the total employed population, are exposed 
to inhalable wood dust (Kauppinen et al., 2006). It 
also showed that in the furniture-manufacturing indus-
try, 59% were exposed to inhalable wood dust and of 
those, 59% were exposed to levels in excess of 1 mg 
m−3, a widely accepted international standard (ACGIH, 
2016). In the joinery industry, 71% were exposed, with 
52% exposed to levels in excess of 1 mg m−3 (Kauppinen 
et al., 2006). The authors suggested that effective control 
measures to reduce wood dust exposure (and associated 
health risks) in joinery and furniture workers were there-
fore urgently needed.
Exhaust ventilation in joinery and furniture 
manufacturing has been shown to reduce dust con-
centrations, while specific tasks and work processes 
including sanding, use of compressed air, use of hand 
tools, use of fully automated machines, dry wiping 
and cleaning, and small size of workshop (<20 work-
ers) may increase wood dust exposures (Scheeper et 
al., 1995; Brosseau et al., 2001; Rongo et al., 2002; 
Schlunssen et al., 2008). Significantly reduced expo-
sures associated with local exhaust ventilation for 
hand tools tested under laboratory conditions has also 
been shown (Hampl and Johnston, 1985; Thorpe and 
Brown, 1994), but few interventions studies specific to 
wood dust and the woodworking industry have been 
conducted (Martin and Zalk, 1997; Brosseau et al., 
2001; Lazovich et al., 2002; Brosseau et al., 2002). A 
small study in a single joinery shop involving changes 
in local exhaust ventilation, cleaning methods, guide-
lines for using sanding tools, and the use of a down-
draft table showed that exposures of less than 1 mg 
m−3 are achievable, but at a significant cost (Martin 
and Zalk, 1997). In contrast, a larger study in 48 small 
woodworking businesses half of which underwent a 
tailored mix of interventions including improved ven-
tilation and use of administrative methods to control 
wood dust, and worker training to modify work prac-
tices, showed only a 10% (not statistically significant) 
decrease in dust levels.
Effective interventions should ideally be based on a 
detailed understanding of exposure determinants. Tra-
ditional 8-h time-weighted average (TWA) exposures 
generally provide insufficient detail as peak exposures 
cannot usually be linked directly to specific tasks and/or 
working conditions. Video exposure monitoring (VEM) 
that enables a graphical representation of a worker’s 
exposure (as measured by a direct reading monitor) 
to be displayed on a video recording of the worker’s 
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activities is more suitable as it allows the identifica-
tion of peak exposures and underlying determinants 
in real time (Rosén et al., 2005). Nonetheless, despite 
its considerable potential, VEM is not often used for 
the development and evaluation of exposure reduction 
interventions.
The objectives of the study were to (i) assess inhal-
able wood dust exposure levels in New Zealand join-
eries and furniture manufacturing; (ii) assess exposure 
determinants using VEM; (iii) evaluate the efficacy of 
specific interventions on dust emissions under laboratory 
conditions; and (iv) to develop, implement, and evalu-
ate (in a small sample of workshops) a cost-effective and 
practicable intervention to reduce exposures in joinery 
workers.
Materials and Methods
Study design
This study involved a survey in joinery workshops and 
furniture factories to assess inhalable dust exposures 
and its determinants using full-shift 8-h TWA exposure 
measurements and real-time VEM, respectively. Based 
on these results, we developed an intervention strategy 
that was tested in laboratory conditions followed by 
the implementation and evaluation of these measures in 
three high exposure workshops and one low exposure 
workshop (as determined in the exposure survey; Fig. 1). 
One workshop with high exposure and one with low 
exposure, where no intervention measures were intro-
duced, were also included as internal controls. To assess 
the effects of the intervention, exposure measurements 
were conducted prior and after implementing the inter-
ventions (Fig. 1).
Recruitment
Joinery workshops and furniture manufacturers, identi-
fied through industry association websites and yellow 
pages, were recruited from the Wellington, Auckland, 
Hawkes Bay, Christchurch, and Southland regions of 
New Zealand. We randomly contacted 30 factories/
workshops in these regions, of which 13 took part in 
the study (10 joineries and 3 furniture-making factories) 
with a combined total of 99 workers agreeing to par-
ticipate. As is typical for this industry in New Zealand, 
joineries were relatively small, employing two to eight 
workers, whereas the furniture factories each employed 
>20 workers (Table 1). Although we expect that the 
recruited workshops and factories are reasonably rep-
resentative for the New Zealand joinery and furniture-
making industries respectively, this was not formally 
tested.
Figure 1. Study design.
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Full-shift 8-h TWA exposure measurements
In total, 201 personal inhalable dust samples across the 
10 joineries and 3 furniture-making factories were col-
lected. Similar to previous studies measuring wood dust 
(Douwes et al., 2006; Spee et al., 2007), we used pumps 
set at a flow rate of 2.0 (±0.1) l min−1 with inhalable 
PAS-6 dust sampling heads containing 25-mm Whatman 
glass fibre filters with a nominal pore size of 5 μm. Fil-
ters were weighed prior and after sampling using a Met-
tler Toledo AX105 microbalance with a resolution of 1 
µg. Dust concentrations (in mg m−3) were adjusted for 
field blanks (n = 32) resulting in one sample with a dust 
level below the detection limit; this sample was assigned 
a value of 0.01 mg m−3. All measurements were taken 
prior to implementing any intervention measures (see 
below).
Video exposure monitoring
The VEM system included software developed by VEM 
Systems LLC and Purdue University (McGlothlin et al., 
1996), wireless video cameras to monitor the workers, 
and Split2 Real-time dust monitors (SKC Inc.) worn 
by the workers and connected to IOM sampling heads. 
The Split2 monitors were set at a flow rate of 2.0 ± 0.1 
l min−1 and inhalable dust concentrations were recorded 
every second and sent wirelessly to a computer. Calibra-
tion of the Split2 monitor was conducted prior to each 
recording session. Full-shift VEM measurements in 19 
randomly selected workers from 7 joineries and 3 fur-
niture factories were conducted to obtain information 
on tasks and exposures representative of typical work-
ing days. We subsequently conducted further task-based 
measurements in 32 workers from the same 7 joineries 
and 3 furniture factories covering the following tasks: 
assembly, biscuit cutting, buzzing (using an underhand 
table planer), computer numerical control (CNC) rout-
ing, cleaning, edge banding, hand sanding, machine belt 
sanding, gluing, mortising (to cut square or rectangular 
holes in timber to create joints), planing, orbital sanding, 
band sawing, mitre sawing, routing, rip sawing, table 
sawing, traditional hand sawing, spindle moulding/wood 
shaping, tenoning (to create joints), thicknessing (using 
a thickness planer), and other miscellaneous tasks. All 
VEM measurements were taken prior to implementing 
any intervention measures (see below).
Intervention strategy development
Based on the results of previous studies (Hampl and 
Johnston, 1985; Thorpe and Brown, 1994; Scheeper et 
al., 1995; Martin and Zalk, 1997; Brosseau et al., 2001; 
Lazovich et al., 2002; Rongo et al., 2002; Schlunssen et 
al., 2008) and our own VEM measurements (see Results 
section), intervention experiments were developed focus-
sing on improved cleaning methods (all workshops used 
dry sweeping and dry cloth wiping) and hand-tool-
specific exposure control measures (most workers used 
Table 1. Pre-intervention inhalable dust 8-TWA exposure measurements.
Number of 
employees
N GM (GSD) 
mg m−3
Minimum– 
maximum
% above 
1 mg m−3
Joineries
 A 8 15 5.7 (2.6) 1.9–48.4 100%
 B 3 6 1.7 (1.8) 0.7–3.3 83.3%
 C 5 8 1.6 (2.2) 0.7–5.0 62.5%
 D 2 7 4.9 (2.1) 1.6–17.5 100.0%
 E 3 6 6.2 (1.6) 3.5–14.1 100.0%
 F 7 12 4.2 (1.5) 1.1–7.8 100.0%
 G 3 8 1.1 (2.1) 0.5–4.3 37.5%
 H 7 18 1.7 (1.6) 0.9–3.7 77.8%
 I 4 15 1.6 (2.3) 0.4–9.0 80.0%
 J 8 1 9.5 (—) — 100%
Joineries combined 50 96 2.5 (2.5) 0.4–48.4 83.3%
Furniture factories
 K >20 46 0.5 (2.7) 0.1–9.3 17.4%
 L >20 28 0.8 (1.9) 0.3–5.6 28.6%
 M >20 31 0.6 (1.8) 0.2–3.1 12.9%
Furniture factories combined >60 105 0.6 (2.3) 0.1–9.3 19.0%
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no control measures or only a simple bag attachment). 
Cleaning experiments were conducted in one of the 
participating workshops and involved comparing two 
cleaning methods on two occasions. The first session 
involved field staff-performing dry sweeping and dry 
cloth wiping in one half of the shop for 37 min (with-
out workers present). The next day, the same field staff 
cleaned the other half of the shop (also with no workers 
present) with a vacuum cleaner for 44 min. The effects 
on exposure levels were evaluated using VEM.
Exposure control measures for sanding and routing 
were tested in an experimental workshop set-up in our 
laboratory. These involved testing the following controls: 
downdraft table, vacuum extraction attached to sander 
or router, bag attached to sander (no bag attachment was 
available for the router), downdraft table with vacuum 
extraction, and downdraft table with bag attached to 
sander. Sanding experiments involved sanding drawers 
[medium density fibreboard (MDF), 840 mm × 400 mm 
× 150 mm] using an orbital sander (Bosch GEX 125-1 
A/AE random orbital sander) with 180 grit sandpaper 
for 15 min per control option at a steady pace. Between 
experiments, wood dust was removed from equipment 
and surrounding surfaces to minimize cross contami-
nation. All measurements were repeated six times (or 
in case of vacuum extraction seven times). For routing, 
we used a plunge router (Bosch POF 1200 AE router) 
with a router bit to cut 5-mm width and 5-mm deep. 
For each control method, 10 lines (between 700 and 
800 mm) were routed across the surface of MDF boards 
at a steady pace. Each control option was repeated four 
times. Vacuum extraction was applied by using a vacuum 
cleaner (Arges Vacuum Cleaner 100W 30L) which had 
23 kPa (23.13 cfm) of suction and was attached to the 
orbital sander and router. The bag attached to the sander 
was a box attachment, which had a ‘filter microsystem’ 
supplied with the Bosch sander. The downdraft table 
was custom-made from MDF (1000 mm × 1000 mm 
× 150 mm) with the surface area (980 mm × 970 mm 
× 5 mm) containing holes of 18 mm in diameter, and 
spaced 54 mm between them. The downdraft table had 
a 110-mm diameter hole, which was connected to a dust 
collector (ToolShed Trade Dust Extractor 2HP), which 
had an air flow of 1500 cfm. The effects on exposure 
levels were evaluated using VEM.
Implementation and evaluation of intervention
Four joineries were selected based on whether they were 
agreeable to applying specific intervention measures and 
on pre-intervention exposure levels measured in the sur-
vey, i.e. three ‘high’ exposure (>4 mg m−3) and one ‘low’ 
exposure (<2 mg m−3) workshop. We also included one 
‘high’ exposure and one ‘low’ exposure control work-
shop where no intervention measures were introduced. 
Due to the nature of the intervention, workshops and 
participants were not blinded to intervention status. 
A total of 29 workers were involved in this part of 
the study.
The control methods, which in our experiments were 
shown to be most effective, were used for the interven-
tion that entailed cleaning with a vacuum cleaner (Fes-
tool CT26E), and using orbital sanders and handheld 
routers (Festool) with vacuum extraction combined with 
the use of a downdraft table. The downdraft tables were 
connected to dust collectors provided by the research-
ers or to existing local exhaust ventilation. Throughout 
the intervention period, workers were actively encour-
aged to use the control options provided. In each of the 
six participating workshops, 6–15 full-shift personal 
inhalable dust samples were collected prior to and 6–14 
following the intervention. Sampling took place over a 
period of 8 months, i.e. 4 months prior and 4 months 
following the intervention.
Statistical analyses
All analyses were conducted using SAS (SAS Institute 
Inc. 2011, Base SAS 9.3 Procedures Guide Cary, NC, 
USA). As dust exposure approximated a log-normal dis-
tribution, all exposure data were logarithmically trans-
formed and presented as geometric means (GM) with 
geometric standard deviations (GSD).
Full-shift VEM data, involving exposure data 
recorded every second, was linked by the fieldworker, 
through an option in the VEM software, to specific tasks 
and activities undertaken by the participant, and types 
of materials and exposure control used while conducting 
these tasks. All VEM footage was subsequently evalu-
ated in the laboratory and linkage with task, activities 
and materials used checked for accuracy, and if required, 
corrections were made. The same was done for task-
specific VEM measurements. Lag time associated with 
air passing through the tubing prior to it reaching the 
measuring unit is minimal and was therefore not taken 
into account. Combined (i.e. full-shift VEM and task-
based VEM), this resulted in tens-of-thousands linked 
exposure observations, which allowed detailed analyses 
of exposure determinants.
We used generalized linear mixed models (GLMM), 
separately for joiners and furniture makers, with a ran-
dom intercept for each worker, thus taking into account 
repeat measures in the same workers. Autocorrela-
tion between measurements was taken into account by 
specifying a first order autoregressive structure for the 
residual covariance matrix. Log-transformed exposure 
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data were used as the dependent variable with the inde-
pendent (fixed effects) variables including specific tasks 
and activities, types of materials used, and type of con-
trol measure used. The use of a first-order autoregressive 
covariance structure combined with the large number 
of individual data points resulted in analyses exceed-
ing computer-processing capacity. To deal with this, we 
restricted the VEM analyses to include ‘only’ one in 10 
observations for joiners and one in 5 observation in fur-
niture workers, equalling the maximum data points that 
we were able to use without exceeding computing capac-
ity (i.e. we used exposure measurements taken every 10 
or 5 s rather than every 1 s). To validate the results, we 
repeated the analyses using subsequent sets of 10- or 5-s 
measurements, which showed highly comparable results 
(data not shown) indicating that results were robust. 
Since we used log-transformed exposure, data the out-
comes of the GLMM are expressed as exposure ratios 
(with 95% confidence limits). The reference categories 
were chosen to represent tasks/activities and materials 
associated with the lowest exposure in each of the two 
industries; for type of control the reference category was 
‘no control’ for both industries.
Due to significant collinearity between tasks and 
some materials used in furniture workers, we were not 
able to assess the impact of the use of specific wood 
products on exposure. As a consequence, for these 
analyses, we combined the materials ‘laminated MDF’, 
‘MDF’, and ‘particle board’ into an aggregated materi-
als group referred to as ‘wood-based materials’. Also, 13 
workers in the furniture-manufacturing industry were 
not actively involved in the furniture production mak-
ing process itself (as also reflected by the fact that they 
did not process wood-based or other materials). These 
workers conducted other tasks including management, 
logistics, and cleaning. Attempts to include exposure 
data of these workers in the GLMM analyses resulted in 
significant collinearity, which could only be resolved by 
excluding the data for these workers from the GLMM 
analyses.
For comparing dust exposures associated with differ-
ent intervention strategies tested under laboratory condi-
tions, we used GLMM with log-transformed exposure 
data as the dependent variable and the intervention(s) 
as the independent [fixed effect(s)] variable(s). We used 
‘no control’ as the reference category. To assess the effect 
of interventions implemented in three ‘high’ and one 
‘low’ exposure joinery workshops (and one high and 
low control workshop), we initially compared pre- and 
post-intervention exposures using GLMM with the pre-
intervention situation chosen as the reference category. 
Comparisons were made for each workshop separately. 
We subsequently used GLMM to compare exposures 
between intervention and control workshops with pre/
post exposure and control/intervention entered as fixed 
effects and worker as a random intercept. Due to log-
transformed exposure data the outcomes of the regres-
sion analyses are expressed as exposure ratios (with 
95% confidence limits) and presented (for clarity) as the 
percentage difference, i.e. (exposure ratio − 1) × 100%, 
between post- and pre-intervention exposures and inter-
vention and control workshops.
Results
Exposure levels
Personal inhalable dust exposure in joinery workers was 
relatively high (GM 2.5 mg m−3, GSD 2.5), with 83% 
of workers exposed to levels exceeding the occupational 
exposure limit of 1 mg m−3 recommended by the Ameri-
can Conference of Governmental Industrial Hygienists 
(ACGIH, 2016; Table 1), and 56% exceeding the current 
New Zealand workplace exposure limit for soft wood of 
2 mg m−3 (Worksafe New Zealand, 2016). Exposure lev-
els for furniture makers were considerably lower (GM 
0.6, GSD 2.3), but 19% of the measurements nonethe-
less involved levels exceeding the ACGIH (2016) thresh-
old limit values (TLV) with 7% exceeding the New 
Zealand workplace exposure limit.
Exposure determinants
Joinery workers spent on average almost 60% of their 
work shift conducting assembly work (21.5%); miscella-
neous activities such as drawing plans, finding materials 
and tools, and talking to clients, (27.3%); and computer 
CNC routing (12.1%) (Table 2). A relatively large pro-
portion of their time is also spent on conducting tasks 
using hand tools, i.e. routing (6.5%) and sanding using 
a belt sander (9%) or orbital sander (1.4%). Other com-
mon activities include sanding by hand (5.3%) and using 
a table saw (4.2%). Workers in furniture factories spent 
a large proportion of time on CNC routing (77.6%), 
reflecting the high degree of automation in this industry. 
The remainder is spent on assembly (16.9%), edge band-
ing (4.2%), routing using a handheld device (1.1%), and 
sawing (0.1%).
For joiners, cleaning was associated with 3-fold 
higher (P < 0.001) dust concentrations, compared to 
gluing (which was chosen as the reference category; 
Table 2). In the same group, the use of hand tools (orbital 
and band sanding, planing, and routing) showed 3.0 
(routing) to 11.0 (planing) fold higher dust exposures, 
and hand sawing and hand sanding were associated with 
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3.0- to 3.4-fold higher (P < 0.01) exposures. The high-
est exposures for furniture makers were associated with 
sawing using a table saw/circular saw (5.4-fold higher; 
P < 0.001) and miscellaneous tasks (2.4-fold higher; 
P < 0.05) not further specified. Higher dust exposures 
were also found for CNC work (2.2-fold; borderline sta-
tistically significant, P < 0.1) and edge banding (1.4-fold; 
P < 0.001). Working with plywood or laminated MDF in 
joinery workshops was associated with higher exposures 
of 20–30% (P < 0.05) compared to working with timber, 
while in furniture factories the highest exposures were 
associated with the use of other non-wood-based materi-
als (P < 0.001). Control measures such as local exhaust 
ventilation and bag extraction systems were not signifi-
cantly associated with dust exposures (Table 2).
Intervention strategy development
The cleaning experiment showed that average dust con-
centrations were 10 times lower (P < 0.001) when using 
a vacuum cleaner (range 0.0–4.57 mg m−3; GM 0.35 mg 
m−3) compared to dry wiping and dry sweeping (range 
0.0–24.0 mg m−3; GM 3.56 mg m−3) (Fig. 2).
The orbital sander experiments showed a small 
reduction in inhalable dust exposure of 8.3% [non- 
significant (NS)] for the use of the downdraft table. Vacuum 
extraction resulted in a 75.0% reduction of exposure (P 
< 0.001; Table 3), and a further reduction was achieved 
by combining it with the use of a downdraft table result-
ing in an overall reduction in dust emissions of 85.5% (P 
< 0.001). Interventions with a bag attachment resulted 
in higher dust emissions, i.e. an increase of 73.6% (P < 
0.1). Closer examination of the VEM footage and addi-
tional observations during the experimental trials sug-
gest that this was not based on outliers and/or technical 
problems.
The router experiments showed that using vacuum 
extraction on its own reduced the dust levels by 27.6% 
(NS), whereas when using vacuum extraction in combi-
nation with the downdraft table, a reduction of 42.5% 
was achieved, with the latter being borderline statisti-
cally significant (P < 0.10; Table 3). Using a downdraft 
table on its own resulted in no reduction of exposure.
Intervention effectiveness evaluation
When comparing pre- and post-intervention personal 
exposures for each workshop separately, we found that 
two workshops with high baseline exposures (>4 mg m−3) 
showed a significant decrease following the intervention of 
54 and 68%, respectively (P < 0.05), and the other high 
exposure workshop also showed a reduction of 11%, but 
this did not reach statistical significance (Table 4). Expo-D
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sure in the ‘control’ workshop with high baseline expo-
sure was reduced by 35%, but this was not statistically 
significant. The ‘low’ exposure workshop and ‘low’ expo-
sure control both showed reduced exposures following the 
intervention period (9 and 22%, respectively), but these 
reductions were not statistically significant. When mixed 
model analyses were applied taking into account both pre/
post differences and differences between intervention and 
control workshops, we found an overall (borderline statis-
tically significant, P < 0.10) reduction in dust exposures of 
30% following intervention, but only in those workshops 
with high baseline exposures. No intervention effect was 
found in the low exposure workshop (Table 4).
Discussion
Our pre-intervention cross-sectional study showed that 
exposure to wood dust was high in joinery workers. In 
furniture factories, exposures were considerably lower. 
The use of hand tools significantly increased dust levels, 
with the greatest increases observed in joinery workers. 
Cleaning (sweeping and dry wiping) was also associated 
with high dust exposures in joinery workers. Experi-
ments under ‘laboratory’ conditions showed that local 
vacuum extraction combined with the use of a down-
draft table, and using a vacuum cleaner for cleaning 
reduced dust emissions considerably. When these inter-
ventions were applied in joinery workshops, a borderline 
statistically significant (P < 0.10) reduction in exposure 
of 30% was found in workshops with ‘high’ baseline 
exposures and no reduction was shown in the workshop 
with ‘low’ baseline exposures when compared to control 
workshops in which no intervention took place.
Our results are consistent with previous studies 
showing that dry wiping and dry sweeping are signifi-
cant determinants of dust exposure in the wood conver-
sion industry (Brosseau et al., 2001; Rongo et al., 2002; 
Schlunssen et al., 2008) and that the use of vacuum 
cleaners can significantly reduce airborne exposures as 
demonstrated in other occupational and environmental 
settings (Ettinger et al., 2002; Skulberg et al., 2004). 
Similarly, like the current study, previous studies have 
found that local vacuum extraction for hand tools sig-
nificantly reduces wood dust emissions (Thorpe and 
Brown, 1994; Brosseau et al., 2001). However, attempts 
to apply cost-effective interventions outside the labo-
ratory have generally not been successful with only 
marginal reductions in wood dust exposures achieved 
(Lazovich et al., 2002). In the current study, we found 
an overall borderline statistically significant reduc-
Figure 2. Inhalable dust concentrations (mg m−3) measured when dry wiping and sweeping (dashed line) versus dust concentra-
tions measured when using a vacuum cleaner (solid line).
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tion of 30% in wood dust exposure (after taking into 
account changes in exposures in the control workshop; 
see below) associated with improved cleaning and local 
exhaust ventilation on hand tools, but only in work-
shops characterized as ‘high’ exposed at baseline. No 
significant differences were found in the ‘low’ exposure 
workshop (which had a baseline GM exposure level of 
1.6 mg m−3) suggesting that reducing exposure to lev-
els below current international exposure standards (i.e. 
<1 mg m−3) requires a more comprehensive approach 
than the currently tested intervention, as has also pre-
viously been suggested (Martin and Zalk, 1997). In 
particular, in the current study, vacuum extraction was 
employed only on routers and sanders as other tools 
would have required modifications to the hardware to 
make them compatible with the ducting fitted to the 
dust extractor. As confirmed by VEM (Table 2), these 
other tools also represent important sources of expo-
sures and connecting all machines/tools to local exhaust 
extraction systems (which were present in most work-
shops, but typically not connected to all dust generat-
ing devices) would have likely reduced exposure levels 
more. Although the modifications required to making 
all tools/machines compatible are relatively easy, this 
was not practicable in the current study.
We also showed a reduction in exposure levels in 
workshops in which no intervention measures were 
implemented. Reduced exposure levels in control work-
shops may be due to changes in production volume 
between the pre- and post-intervention period, which 
we were unable to control for in the analyses. How-
ever, personal communication with workshop owners 
suggested that this was not the case, but detailed infor-
mation to confirm this was not available. The baseline 
exposure survey could have acted as an intervention 
resulting in lower dust exposures in control workshops, 
but we did not report back results of the measurements 
until after study completion suggesting that this is an 
unlikely explanation. Nonetheless, it cannot be excluded 
that our presence pre- and post-intervention in control 
shops may have contributed to unintended behavioral 
changes resulting in lower exposures. Also, of the 28 
workers involved in pre- and post-intervention exposure 
measurements, 18 were measured both before and after 
intervention whereas 11 workers were measured only 
prior or only following intervention. Differences between 
workers may therefore have contributed to some of the 
differences observed. However, work activities and level 
of skill for those who participated only before or only 
after intervention were highly comparable, and between-
worker exposure variance was relatively low compared 
to within-worker variance (Table 2) suggesting that any 
potential effect would be small. Finally, seasonal effects 
may have played a role, but our baseline exposure data 
did not show seasonal variation (data not shown), sug-
gesting that seasonal effects, if present, were small. Also, 
we were advised by management that, with exception of 
the period around Christmas (during which period we 
did not conduct exposure measurements), production 
was similar across seasons. We therefore do not believe 
that seasonable effects have materially contributed to 
effects observed in this study.
Table 3. Sander and router dust control experiments.
Experiment Emission (mg m−3)
N GM (GSD) % difference (95% CL)
Sander
 No controls 6 0.8 (1.2) —
 Downdraft table 6 0.8 (1.2) −8.3 (−46.2; 56.5)
 Vacuum extraction 7 0.2 (1.2) −75.0 (−85.1; −58.2)***
 Bag attachment 6 1.5 (1.2) 73.6 (−0.9; 204.0)#
 Downdraft + vacuum extraction 6 0.1 (1.2) −83.5 (−90.3; −71.9)***
 Downdraft + bag attachment 6 0.8 (1.2) −3.4 (−44.8; 69.2)
Router
 No controls 4 0.6 (1.2) —
 Downdraft table 4 0.8 (1.2) 34.2 (−29.5; 155.5)
 Vacuum extraction 4 0.4 (1.2) −27.6 (−62.0; 37.7)
 Downdraft + vacuum extraction 4 0.3 (1.2) −42.5 (−69.8, 9.4)#
CL, confidence limit.
#P < 0.10; ***P < 0.001.
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The experiments testing the efficacy of several inter-
vention options showed that the use of a filter bag 
attachment to hand tools, as is commonly used by most 
joiners and furniture makers (as well as many other 
workers using hand tools), was ineffective in reducing 
emissions to inhalable particles (i.e. the use of interven-
tions with a filter bag resulted in higher dust emissions 
rather than lower; Table 3). This is of concern given 
the widespread use and the false sense of protection 
it may offer workers, shop owners, and managers. We 
have only tested one filter bag attachment, but initial 
measurements using another filter bag showed similar 
results (data not shown). It is therefore possible that 
other commonly used bags/cartridges are equally ineffec-
tive, although previous international studies suggest that 
there may be some benefit in using these devices (Thorpe 
and Brown, 1994).
In contrast to some previous studies that showed high 
wood dust exposure levels in furniture factory workers 
(Scheeper et al., 1995), our study showed relatively low 
exposure levels in these workers. This could be due to 
differences between furniture factories and the activities 
undertaken by the workers. In particular, in our study 
workers spent very little time sanding (Table 2), which 
has previously been shown to be a significant contribu-
tor to furniture workers’ overall wood dust exposure 
(Scheeper et al., 1995). Alternatively, the lower exposures 
may be due to progress made in occupational hygiene 
and improved exposure controls in recent times. The 
‘within-worker exposure variance’ in furniture manufac-
turing was also lower than that observed in joinery work-
ers (0.40 versus 0.95; Table 2). This most likely reflects 
the differences in work processes between both industries 
in New Zealand, with a more controlled work environ-
ment and more standardized production methods, and a 
greater degree of specialization of individual work activi-
ties in the furniture-making industry, compared to joinery 
workshops.
This study had several limitations. For furniture 
workers, we observed collinearity between some tasks 
and different materials used, and the inclusion of 13 
workers who were not actively involved in the furni-
ture-manufacturing process itself resulted in further 
collinearity. We dealt with this by creating an aggregate 
‘wood-based materials’ group and omitting exposure 
data from those 13 workers. This may have affected 
the results; however, analyses including data from the 
13 workers did not appreciably affect the estimated 
exposure ratios for specific tasks/activities. Including all 
materials in the analyses (rather than using an aggregate 
‘wood-based materials’ group) also did not affect the 
exposure ratios for specific tasks/activities suggesting 
that results were robust. As noted above, not all hand 
tools used by the workers during the intervention period 
Table 4. Pre- and post-intervention exposures and differences (expressed as percentage difference) in four joinery work-
shops and two control workshops.
Pre-intervention 
exposure  
(mg m−3)
Post-intervention 
exposure  
(mg m−3)
Post- and  
pre-intervention  
differenceb
Difference 
between  
intervention  
and controlc
Joineries (N workers)a N GM (GSD) N GM (GSD) % difference 
(95% CL)
% difference 
(95% CL)
Low baseline exposure 4 (−41; 82)
 B—Control (2) 6 1.7 (1.8) 6 1.3 (2.4) −22 (−70; 104)
 C—Intervention (4) 8 1.6 (2.1) 14 1.5 (2.2) −9 (−56; 88)
High baseline exposure −30 (−55; 8)#
 A—Control (8) 15 5.7 (2.6) 14 3.8 (2.4) −35 (−68; 33)
 D—Intervention (3) 7 4.9 (2.1) 6 2.4 (2.6) −11 (−74; 212)
 E—Intervention (4) 6 6.2 (1.6) 6 2.4 (2.1) −68 (−88; −13)*
 F—Intervention (8) 12 4.2 (1.5) 8 1.9 (2.0) −54 (−72; −22)**
aOf the 28 workers involved in pre- and post-intervention exposure measurements, 18 were measured both before and after intervention. Six workers were mea-
sured only before and 5 workers were measured only after the intervention.
bComparing pre- and post-intervention exposure levels in each workshop separately (using GLMM).
cComparing pre- and post-intervention exposure differences between intervention and control workshops, but stratified by high and low baseline exposure (using 
GLMM).
#P < 0.10; *P < 0.05; **P < 0.01.
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were connected to a vacuum extraction system. Simi-
larly, in many workshops, static (non-handheld) power 
tools known to significantly contribute to peak personal 
exposures (Table 2) were not always connected to local 
exhaust ventilation, and the intervention package did not 
address this. Therefore, the estimated reduction in expo-
sure that can be achieved in high exposure workshops 
may be an underestimation of what could be achieved if 
adequate exhaust ventilation was employed on all power 
tools including non-handheld tools. Another limitation 
is the relatively small sample of workshops in which 
the interventions were implemented. This is particularly 
an issue in an industry where production volumes and 
intensity are variable over time as is the case for many 
joiners and, to a lesser extent, furniture makers. As noted 
above, we were not able to directly account for differ-
ences in production volumes pre- and post-intervention 
leaving some uncertainty about the actual magnitude 
of the achievable reductions in exposure. Also, our 
intervention results apply only to joineries, which were 
prioritized over furniture shops based on higher base-
line exposures. Furthermore, although we had detailed 
information on personal exposures and job tasks in real 
time (using VEM), it did not take into account second-
ary sources (i.e. exposures related to work activities 
conducted by colleagues and/or re-suspension of surface 
dust left from previous tasks) and/or specific worker 
behaviours. We also grouped several activities together 
and labelled them as ‘miscellaneous’, which may have 
resulted in missing some activities associated with high 
peak exposures. This is particularly relevant for furni-
ture makers for whom miscellaneous tasks were asso-
ciated with a 2.4-fold increase in exposures (Table 2). 
However, upon re-examination of the VEM material, 
we were not able to define specific tasks associated with 
these increased exposure levels, which appeared to be 
associated with re-suspension of surface dust emphasiz-
ing the importance of good housekeeping.
In conclusion, this study has shown that wood dust 
exposures are high in joinery workers and (to a lesser 
extent) furniture makers. The use of hand tools and 
conventional cleaning methods (dry wiping and sweep-
ing) significantly contributed to high exposures in join-
ery workers, while use of vacuum extraction on hand 
tools and alternative cleaning methods were shown to 
have the potential to significantly reduce dust exposures. 
Applying these measures in joinery workshops is feasible 
and is likely to significantly reduce workplace exposures. 
Finally, using VEM as a tool to better understand the 
impact of engineering controls and best work practices 
for controlling wood dust showed considerable promise 
in this study.
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